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EXTENDED ABSTRACT  
 
Hydrological forecasting is an important instrument for more effective water management, such 
as warning and protection against water-related hazards, real-time operation of water 
infrastructure, water allocation, and environmental monitoring. Recent advances within radar 
rainfall estimation and nowcasting, ensemble-based numerical weather prediction (NWP), in-
situ and satellite monitoring, and hydrological data assimilation are opening up new 
opportunities in real-time hydrological forecasting. 
Ensemble based forecast products can be used as input to hydrological forecast models to 
produce probabilistic forecasts and estimation of forecast uncertainty of the hydrological 
variables of interest. In this regard, key scientific challenges are understanding, quantification, 
and propagation of the different uncertainty sources in the forecast modelling chain and 
updating of the hydrological forecast model using data assimilation. Most studies within 
hydrological forecasting and data assimilation have used single compartment models and 
assimilation of one type of measurements. To fully utilise the information of multiple variables 
from different sensors, multi-variate data assimilation within integrated hydrological modelling 
systems is required. This involves development and implementation of robust and 
computationally efficient data assimilation algorithms that are feasible for real-time 
applications. 
A framework for hydrological ensemble forecasting and data assimilation is being 
developed as part of the HydroCast project (http://hydrocast.dhigroup.com/) to support water 
management at different temporal scales, ranging from short- and medium-range, which is 
relevant for e.g. flood forecasting and warning, to seasonal and long-range forecasting for 
optimising water allocation. The framework combines different forecast products, including (i) 
weather radar nowcasts (up to few hours), (ii) high-resolution NWP ensemble prediction system 
for short-term forecasting (up to 48 hours) from the Danish Meteorological Institute, and (iii) 
medium-range (up to 15 days) and seasonal ensemble prediction systems from the European 
Centre for Medium-Range Weather Forecasts (ECMWF). A data assimilation system is being 
developed for assimilation of weather radar data (including weather radar nowcasts) in the 
NWP model. The ensemble weather forecast products are used as input to the MIKE SHE 
hydrological modelling system for producing ensemble hydrological forecasts. The framework 
allows inclusion of other uncertainty sources such as model parameter uncertainty and 
uncertainty in the initial state. These uncertainties may be obtained from off-line calibration of 
the hydrological model or as part of the on-line data assimilation system. 
A multi-variate hydrological data assimilation system has been developed for assimilation 
of in-situ and remote sensing measurements in the MIKE SHE hydrological modelling system. 
The system integrates the two open source standards OpenMI (www.openmi.org) and OpenDA 
(www.openda.org). The OpenMI (Open Modelling Interface) standard is used to exchange data 
at runtime between the model (in this case the MIKE SHE model) and the OpenDA data 
assimilation toolbox. This toolbox includes a library of different data assimilation algorithms, 
such as ensemble Kalman filter based algorithms and the particle filter. The data assimilation 
system is used for testing the value of assimilation of different types of measurements related to 
hydrological forecasting and environmental monitoring. Particular emphasis is given to the 
analysis of representation of model and measurement uncertainty in the data assimilation 
system, including handling of measurement bias. 
Three test studies are included in the HydroCast project for development and illustration of 
the forecasting and data assimilation framework. These include (i) Forecasting of floods for 
operation of road infrastructure, (ii) Seasonal forecasting of irrigation potentials, and (iii) 
Integration of on-line measurements and hydrological modelling for environmental monitoring. 
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